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INTRODUCTION 


Mytilus edulis (Linnaeus, 1758) 1s wmESPREAD in both 
northern and southern hemispheres (Stussincs, 1954). 
SEED (1969) describes distribution in the northern hemi- 
sphere as almost cosmopolitan. Variability in shell mor- 
phology of this animal has been the subject of many re- 
ports in taxonomic literature. For instance, one variant, 
M. galloprovincialis (Lamarck, 1819), synonymized by 
Soot-RyENn, 1955, has been the object of considerable 
conjecture as to its morphological variation and degree of 
overlap with M. edulis (HEppEr, 1957; Lewis & SEED, 
1969). Lamy (1936) lists no fewer than 16 different syn- 
onyms for M. galloprovincialis (then considered a full 
species). At present, it is problematical as to whether such 
variation occurs as the result of developmental plasticity, 
different forms being ecological variants (STUBBINGS, 
1954), or whether they should be looked upon as distinct 
genetic types, perhaps subspecies. LEwis & SEED (op. cit.), 
after an extensive investigation of variability in M. edulis 
from S. W. England, concluded that two distinct forms 
inhabited the area; however, variable morphological char- 
acters in both forms resulted in overlap, making distinc- 
tion difficult. The forms in question were the “Padstow 
type” (cf. M. galloprovincialis) and M. edulis; both were 
living together in most locations. 

In a study of factors influencing shell shape in Mytilus 
edulis, utilizing transplantation experiments, SEED (1968) 
indicated environmental differences contributed greatly to 
modifications of form in the species. Young mussels from 
different locations appeared similar to each other, but 
with increasing size animals progressively differed in 
height (dorsal to ventral) with respect to length (anterior 
to posterior) of shells. Smaller mussels from all habitats 
investigated showed striking uniformity in gross shell mor- 
phology. 

This paper reports further investigation into factors 
affecting morphological variation in Mytilus edulis. 


1 Present Address: Department of Zoology, University of British 
Columbia, Vancouver 8, British Columbia, Canada 


MATERIALS anb METHODS 


During an investigation of the biology of Mytilus edulis 
I looked at several hundred animals from the east coast 
of North Amcrica taken from both sheltered (bay) and 
cxposed environments near Cape Ann, Massachusetts, as 
well as west coast populations from Southern California 
(San Diego to Monterey), involving many thousands of 
individuals. 

Mussels from locations used in experiments reported 
here were gathered and transported to Santa Barbara 
(California) within a period of one day for west coast 
samples and two to three days for those from the east 
coast: the latter samples were transported in refrigerated 
Dewar Flasks. 

Once in the laboratory, east coast mussels were placed 
in refrigerated circulating sea water at a temperature 
of 9° C. During the subsequent week temperature was 
increased slowly to that of the local sea (19° C). Through- 
out this period mortality of east coast mussels did not 
differ significantly from that of a group of Santa Bar- 
bara mussels held in the laboratory for the same length of 
time. At the end of this period east coast mussels werc 
transferred to experimental cages. 

Experimental populations were placed in cylindrical 
wire mesh cages measuring 8.5 inches (21.5 cm) in height 
and 7 inches (17.78cm) in diameter, constructed from 
galvanized hardware cloth sections of + or 4 inch (0.63 or 
1.27 cm) mesh which were coated with epoxy resin to 
stabilize the binding and reduce zinc corrosion. These 
cages were suspended from the end of the Signal Oil and 
Gas Company’s pier at Ellwood (a large steel structure 
extending almost half a mile from a sandy shore into open 
sea, located 14 miles west of Santa Barbara). 


Differences between Mytilus edulis 
from the East and West Coasts of the U.S.A. 


As a group, east coast mussels tend to have narrower 
shells than those from the west coast (the width of a shell 
being defined as the maximum distance from the dorsal 
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to the ventral shell margin), but this can be masked by 
development under different environmental conditions. 
For example, east coast (Massachusetts) samples from a 
sheltered bay and an open shore, together with west coast 
samples from a moderately sheltered region (Ellwood 
Pier) and an exposed region (Point Mugu, California), 
showed no overall difference in shell width between popu- 
lations from the two coasts (Table 1). However, in this 
example a significant difference in shape was detected 
between mussels from exposed regions and those from 
sheltered regions, indicating that animals from exposed 
regions have narrower shells than mussels from sheltered 
regions. 

In an attempt to determine the effect of geographical 
origin on shell width, without the complication of differ- 
ing physical environments, a group of small east coast 
mussels (less than 1 cm long), taken from both exposed 
and sheltered environments, were placed in a cage sus- 
pended 2 feet below extreme low water level at Ellwood 
Pier for a period of 1 month (26 December 1966 to 26 
January 1967). Mortality during this time was approxi- 
mately 50% (see later). Subsequently, these animals 


were compared with a control population of west coast 
mussels (from Ellwood Pier). 

West coast mussels were significantly wider than those 
from the east coast (Table 2). It would seem, therefore, 
that a definite difference in shape (presumably genetically 
determined) exists between these samples from the east 
and west coasts, which can be masked by the effects of 
differing physical environments. Small, newly-set mussels 
from sheltered and exposed environments on the west 
coast exhibit no obvious morphological differences. 

Mytilus edulis taken from sheltered environments (har- 
bors) between San Diego in the south and Monterey 
Harbor in the north showed no significant differences in 
shell width with respect to shell length. 

Growth rates of 2 groups of mussels from the east and 
west coasts were also studied at Ellwood Pier. Each of 
45 mussels from the east coast, ranging in size from 1.5 cm 
to 6.5 cm in length was marked and matched according 
to size with a corresponding mussel from the west coast. 
Both groups were then placed in separate cages below low 
water level at Ellwood Pier. After one month (26 Decem- 
ber 1966 to 26 January 1967) analysis showed that 


Table 1 


Comparison of shell widths of Mytilus edulis populations collected from 
the mid-tide level on the East and West Coasts of North America and 
from both sheltered and exposed positions (see text). The dependent 
variable is shell width and the independent variable is shell length. 
(All measurements are in centimeters) 
Note: In this and the other tables used in this report, one asterisk (*) 
indicates significance at the 5% level, two asterisks (**) significance at 
the 1% level, and three asterisks (***) significance at the 0.1% level. 
Abbreviations of statistical terms are those used by J. C. R. Li (1964). 


2 n ges 
Group ES Regression Bape, 8 = d Il iu S 
NY Equation nA æ < = x ooh 
1. East Coast Mussels 39 y= 0.044+0.51x 0.75 NS 1.51 2.38 NS 
(Protected) 
2. East Coast Mussels 17 y = ~0.08 + 0.55x 1.45 
(Exposed) 
3. West Coast Mussels 54 y= 0.25+0.47x 1.56 
(Protected) 
4. West Coast Mussels 26 y= 0.15+0.48x 1.47 
(Exposed) 
Individual DÐ. F Tests on Adjusted Means 
F 
1.3/2.4 3.36* 
1.2/3.4 2.83 NS 
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Table 2 


Comparison between the mean shell widths of Mytilus edulis populations 
from the East and West Coasts of North America after growth in 
cages at Ellwood Pier, California. The dependent variable is shell width 
and the independent variable is shell length. 
(All measurements are in centimeters ) 


3 
2 Regression a 3 nd 
Qa . S wo 3 g wo 
Group 5.N Equation Sme 8 l fu D, 
A A T RAK = 
1. Mytilus edulis from East Coast 33 y = 0.01 +0.56x 8.17** 1.23 12.60** 
2. Mytilus edulis from West Coast 34 y = 0.72+0.30x 1.38 


the west coast mussels exhibited the greatest growth 
(p < 0.05). (During this time the east coast mussels suf 
fered a mortality of 50% and the west coast mussels a 
mortality of 12%.) 

The previously mentioned group of small east coast 
mussels grown in a cage at Ellwood Pier was initially 
comprised of 60 individuals; after one month, however, 
only 33 remained. During this time growth resulted in 
change of mean size of 1.00 cm to 2.08 cm. This is not 
significantly different from the highest growth rate re- 
corded for west coast mussels at Ellwood Pier (HarceEr, 
1970b). An apparent conflict exists between the growth 
results obtained from this experiment and those reported 
for the “matched” experiment where west coast mus- 
sels grew faster. A possible explanation is that many of 
the east coast mussels used in the latter experiment had 
attained maturity on the east coast shore, whereas the 
small mussels developed on the west coast (suffering 50% 
mortality in the process), and survivors were presumably 
selected by local conditions. Although there are distin- 
guishable differences between these populations from east 
and west coast, a considerable degree of overlap exists 
in their morphological (shape) and physiological (growth 
rate) properties. 

Mytilus californianus Conrad, 1837, appears to be en- 
demic to the west coast of North America and has a range 
extending from the Aleutian Islands to Isla Socorro, Mex- 
ico (Soot-Ryen, 1955). It is confined principally to re- 
gions of open coast but may penetrate into quieter waters 
where M. edulis is predominant (SHELFORD et al, 1935; 
Harcer, 1970b). Specimens of M. californianus taken 
from the mid-tide level in areas exposed to heavy wave 
shock (Cayucos Pier and Monterey Peninsula) are slightly 
narrower than specimens taken from quieter regions (Ell- 
wood Pier and Stearns Wharf) (Table 3). Relative wave 


impact indices for the 4 locations referred to above are: 
Monterey Peninsula, 1.00; Cayucos Pier, 0.27; Ellwood 
Pier, 0.16; and Stearns Wharf, 0.016 (Harcer, 1970a). 
This relationship (between shell width and wave impact) 
is difficult to demonstrate unless differences in wave im- 
pact are extreme. For instance, mussels at Ellwood Pier 
are not significantly narrower than those at Stearns Wharf 
(Table 3). 

Mytilus edulis exhibits distinct variation correlated with 
differences in wave impact (Table 1). Also, Seep (1968)' 
and Lewis & Seep (1969). Both dry body weight and 
upper size limit vary with relative wave impact (HARGER, 
1970a). Such relationships tend not to occur in M. cali- 
fornianus (Harcerr, 1970a). Growth of M. edulis is ad- 
versely affected by wave impact, whereas that of M. cali- 
fornianus is not (Harcer, 1970a). 

Mussels taken from a clump 7 feet in diameter at Ell- 
wood Pier, containing both species, showed the following 
characteristics. For both Mytilus edulis and M. californi- 
anus there was no significant difference in width with re- 
spect to length between samples from inside and outside of 
the clump or between the top, middle and bottom positions 
(for terminology referring to clump structure see HARGER, 
1969). A sample of M. edulis obtained from the mid-tide 
level at Stearns Wharf, however, yielded mussels on the 
inside with narrower shells than those on the outside 
(P < 0.05). When depth (maximum distance between 
the outside surfaces of the 2 valves) with respect to length 
was investigated for M. edulis, no difference was apparent 
between samples from top, middle and bottom clump posi- 
tions; however, those from the inside samples, as a group, 
were deeper than those from the outside (P < 0.001). 
In the case of M. californianus, no significant differ- 
ences among the samples from top, middle and bottom 
positions, inside or outside, could be detected. 
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Table 3 


Comparison among the mean shell widths of Mytilus californianus 
populations collected from the mid-tide level in areas exposed to ex- 
tremely heavy wave impact (Cayucos Beach and Monterey Peninsula) 
and from sheltered areas (Ellwood Pier and Stearns Wharf). See 
Harcer (1970a) for details of exposure estimations. The dependent 
variable is shell width and the independent variable is shell length. 
There is no significant difference between treatments 1 and 2 or between 

3 and 4 in slope of regression or y adjusted values. 
(All measurements are in centimeters) 


v Re Bea 
= egression n Aa 
Group gS Equation Bit, a 3 g ll fu S 
n n ot Lax os 
1. Mytilus californianus 46 y = 0.40 +0.43x 9.41*** 2.68 54.57% ** 
from Ellwood Pier 
2. Mytilus californianus 52 y = 0.70+0.39x 2.76 
from Stearns Wharf 
3. Mytilus californianus 46 y = 0.48+0.37x 2.44 
from Cayucos Beach 
4. Mytilus californianus ae y = 0.38 +0.37x 2.35 
from Monterey Peninsula 
en en aS, A a E. ONE E E E 
F 
1,199 
Individual D. F Test on B 
1.2/3.4 18.28*** 


Individual D. F Tests on Adjusted Means 


In both Mytilus edulis and M. californianus an increase 
in exposure to wave impact is correlated with an increase 
in shell weight. In the case of M. edulis, the relationship 
is probably complicated by the presence of M. californi- 
anus as a consequence of competitive interaction. Individ- 
uals of M. edulis from pilings in Santa Barbara Harbor 
and those from Ellwood Pier have lighter shells than 
those from the more exposed Goleta Point shore 
(P < 0.001). Mytilus californianus from mid-tide level 
in extremely exposed locations, such as Cayucos Beach, 
tend to have heavier shells than individuals growing in 
clumps on adjacent pier pilings (P < 0.001). There is, 
however, no significant difference in shell weight be- 
tween mid-tide populations growing on Ellwood Pier, on 
Ellwood shore, on Stearns Wharf, or on the Pier at Ca- 
yucos. Thus, M. californianus shell weight seems to be 
uniform over a wide range of environmental conditions. 
The problem with relying on such data to evaluate vari- 
ability is that it is not possible to be sure that animals have 
been exposed to various environmental factors acting at 
each location for the same time period. This problem 


1.2/3.4 152.06*** 


cai, only be eliminated by performing transplantation 
experiments. l 


TAXONOMIC VARIATIONS 


The extensive lists of synonyms for Mytilus edulis given 
by Lamy (1936) and Soor-Ryen (1955), together ac- 
counting for a total of 57 different forms from all over 
the world, suggest this species is extremely variable, or 
at least exhibits sufficient variability to yield a number 
of forms which have been accorded specific, subspecific, 
and even varietal status during recent time. 

These synonyms could simply be due to careless taxon- 
omy and may have little to do with variability as such. 
However, of all the species in the family Mytilidae listed 
by Soor-Ryen (1955) Mytilus edulis has 25 synonyms, 
whilst the 3 species with the greatest number after M. 
edulis have 8, 5, and 4 synonyms, respectively. Of the 
remaining 52 species, nearly half have no synonyms. A 
similar relationship can be found within the Mytilidae 
reviewed by Lamy (1936). 
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It would, of course, be preferable to base an estimate 
of variability on “races” or recognized forms, and in this 
context Soot-RyeEN (1955) lists 7 subspecific units for 
Mytilus edulis and one for M. californianus. In contrast 
to M. edulis, M. californianus has only one synonym, and 
that is probably due to a misinterpretation. 


DISCUSSION 


Why should Mytilus edulis be extremely variable in form 
and M. californianus be conservative? In the first place, 
one might expect widely separated populations to evolve 
in response to local conditions, so that populations of M. 
edulis in New Zealand would be different from those in 
North America. Lamy (1936) lists a total of 37 syno- 
nyms, originating chiefly from European coasts, for M. 
edulis. This in itself might suggest that M. edulis is an 
exceptionally variable animal — even within one geo- 
graphical area. Five new synonyms only have been used 
for M. edulis on the coasts of North America, possibly 
indicating more restricted variation among North Ameri- 
can populations. This limited number of synonyms may 
perhaps be accounted for in the following ways: 

(1) Early taxonomists working with new world shells 
possessed a large repertoire of “European” names which 
they subsequently applied to North American forms. 

(2) The high number of forms initially proposed by 
European workers is related to the large numbers of ama- 
teur naturalists who were working in that area; a number 
which was, in all likelihood, much higher than in North 
America. 

(3) Possibly restrictions are imposed upon the range 
of Mytilus edulis through competitive interactions with 
M. californianus in open coast situations on the west 
coast of North America, reducing the potential variability 
of the former species. 

In the British Isles Mytilus edulis occurs both in shel- 
tered regions and on exposed coasts (Kircnine et al., 
1959, Lewis & Seep, 1969). Lewis & SEED (op. cit.) 
report this species as occurring on “slightly less than 
extremely exposed coasts” and present in the form of 
“small closely packed seed mussels, not as the large in- 
dividuals found on shingle and mud in the straits.” In 
the same paper they further comment on the marked 
dissimilarity of the 2 habitats in which M. edulis is found, 
namely on clean exposed rocks or on low level stone 
and mud shores in sheltered and sometimes brackish 
waters. SEED (op. cit.) comments to the effect that high 
densities of small M. edulis on exposed coastlines must 
constitute the majority of mussels in British waters. 

I have shown (Harcer, 1967) that growth of Mytilus 
edulis on the coast of Southern California may be lim- 
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ited by competitive interaction with M. californianus. The 
outer coast habitat is not here as readily available to M. 
edulis as is similar exposed coast around Europe. If com- 
petition with M. californianus has restricted variation in 
form of west coast M. edulis populations, then as a result 
it can be expected that both European and east coast 
North American populations will show greater variability 
than those inhabiting the west coast of North America. In 
both Europe and east coast North America, M. edulis is 
the only species in the genus present on rocky intertidal 
shores. 

Variation among European populations is considerable, 
as noted by Lewis & Seep (1969) and Seep (1968); 
however, the task of rating variability in east and west 
coast North American populations is difficult. 

There have been 2 forms of Mytilus edulis described as 
new species from the west coast; these are M. glomeratus 
Gould, 1851 and M. trossulus Gould, 1850. In addition, 
one form from Southern California was accorded subspeci- 
ic rank — M. edulis diegensis Coe, 1945. (See also Cor, 
1946, for a full account of this form.) These have all 
been synonymized by Soot-RveNn, 1955, on the basis of 
intergrading shell characters. In addition, when typical 
open coast forms of M. edulis (forms characterized by 
narrow shells and a generally gnarled and stubby appear- 
ance, i. e., M. glomeratus) were allowed to develop in 
cages suspended in the Santa Barbara Harbor, the final 
shape was found to be similar to that of mussels which 
had spent all their lives in the harbor. An initial rough 
portion of shell remained on the transposed mussels, al- 
though new growth was normal and relatively smooth (see 
also Step, 1968). On the east coast 2 forms have been de- 
scribed as new species; these are M. notatus (DeKay, 
1843) and M. minganensis (Mighels, 1844). One cannot 
reject the hypothesis of there being no difference in vari- 
ability between east and west coast populations on the 
basis of the new forms described in both areas, since 
among the total number of different synonyms used for 
populations of the two coast lines (including native Euro- 
pean names) perhaps 7 or 8 different names have been 
applied to west coast populations (Soot-RYEN, op. cit.), 
a minimum of 8 or a maximum of perhaps 13 have been 
used for east coast forms (Binney, 1863). (I am unable 
to obtain an accurate count of the different synonyms 
used for east coast forms, since an adequate taxonomic 
revision of east coast Mytilidae has not yet been under- 
taken.) 

Seep (1968) considers that because Mytilus edulis pos- 
sesses a planktonic phase in its life history, allowing colo- 
nization of widely differing habitats, a genotype capable 
of wide phenotypic expression would be of great survival 
value. Since the larvae remain in the plankton for a con- 
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siderable time, during which they are carried some dis- 
tance, it would seem most improbable that natural selec- 
tion could act in such a way as to produce a shell form 
suited to a particular set of environmental conditions. 
SEED (op. cit.) contrasts this state of affairs with that 
for Thais lapillus (Linnaeus, 1758) (in the Santa Barbara 
region T. emarginata (Deshayes, 1839) would be the eco- 
logical equivalent), where egg capsules are laid and the 
young develop in the same locality as their parents, en- 
abling natural selection to produce genotypes most suited 
to the environments in which they live. This results in 
locally distinct populations differing considerably in gen- 
etic makeup (StaicEr, 1957). Both Mytilus edulis and M. 
californianus appear to reproduce by means of the same 
mechanism, and consequently their differing population 
characteristics must be due to selective survival in differ- 
ing locations. 

In this connection, it can be noted that Mytilus edulis 
denies M. californianus access to quiet waters. This is 
accomplished by a difference in crawling behavior where- 
by M. edulis is able to arrange itself on the outermost 
surfaces of mixed species clumps, resulting in enclosed 
mussels being smothered by silt (HarcEr, 1968, 1970b). 
This behavior effectively confines M. californianus to 
regions where water movement is sufficient to largely pre- 
vent accumulation of particulate matter in mussel clumps, 
1. e., the region of the open coast. The great morphologic- 
al plasticity of M. edulis, however, allows it to penetrate 
into such habitats. 

As stated previously, east coast mussels are narrower 
than those from the west coast, also mussels growing in 
exposed areas tend to have narrower shells than those in 
sheltered areas (Table 1). I have shown (Harger 1970a) 
that the force required to remove west coast Mytilus edu- 
lis from their attachment points is not related to shell 
area in a simple linear fashion, as is the case for M. cali- 
fornianus. Specimens of M. edulis up to a length of 3 - 4 
cm are removed by a force which is proportional to their 
shell area; however, larger animals are removed by the 
force normally required to remove an individual 4 cm in 
length. 

It would seem that those animals having narrow shells 
would be at a selective advantage in open coast situations, 
since, length for length, the average shell area of such 
animals is less than that of wider forms. Consequently, 
mussels with narrow shells would be less likely to be 
washed away by waves. This, in turn, possibly indicates 
that selective forces may have permitted a relatively nar- 
row-shelled population to evolve on the east coast, a popu- 
lation in part adapted to living on open coasts as well as 
in quiet bays. I assume that development of a form with 
a narrow shell on the south west coast of North America 
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is prevented by competitive interactions with Mytilus 
californianus by a combination of 2 mechanisms: first, 
through direct competitive elimination, and second, by 
the fact that the presence of M. californianus seems always 
to enhance survival of M. edulis in the face of wave action 
by affording the latter some protection (Harcgr, 1970c). 
Continual interchange between populations growing in 
sheltered harbors and those on the open coast also prob- 
ably tends to override specific development of narrow- 
shelled forms in this location. 

It is difficult to determine whether the presence of My- 
tilus californianus on the west coast has resulted in a 
reduction in “niche size” for M. edulis in this region. On 
the one hand, the presence of M. californianus serves to 
deny M. edulis a portion of the environment which would 
otherwise be open; on the other hand, however, M. cali- 
fornianus populations provide a certain amount of pro- 
tection to M. edulis, enabling the latter to maintain sub- 
stantial populations in areas experiencing moderate to 
heavy wave exposure (HarcEr, 1970c) without necessi- 
tating development of obvious structural modifications. 

The findings of Levins (1968) indicate an expectation 
of broad-niched species being associated with environ- 
mental variability (either in time or space or both). Cer- 
tainly SEED (1969) places a high priority on such environ- 
mental variability as serving to cause extreme morpho- 
logical variability in European populations. By the stand- 
ards of its world-wide distribution, Mytilus edulis should 
be accorded the classification of possessing a broad niche, 
if variability of form is a reflection of such status; then, 
reduction of variability should indicate niche restriction. 
In all, taking into account experience with M. edulis 
from both sheltered and exposed shores in California, this 
animal here appears to be much less variable than popu- 
lations described from Europe; perhaps this is due to com- 
petitive restriction by M. californianus. If such is the case, 
M. edulis populations from the east coast of North Ameri- 
ca should show greater variability of form than those from 
the west coast. The question concerning the cause of the 
comparative restricted variability of form in M. californi- 
anus must remain largely unanswered, except to point 
out that it is associated with comparative geographical 
restriction (compared with M. edulis); which in turn 
suggests a dependent relationship between phenotypic ex- 
pression and relative efficiency at exploiting the open 
coast habitat. 


CONCLUSION 


I have suggested that variations in shell shape between 
populations of Mytilus edulis from the east and west coasts 
of North America may be due to a basic genetic differ- 
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ence. Variation within both populations (caused by local 
environmental conditions) can mask this. 

I have further suggested that an apparent low varia- 
tion in form shown by west coast North American popu- 
lations (when compared to that of European populations) 
might be due to the effects of competitive interaction 
with Mytilus californianus. 


ACKNOWLEDGMENTS 


This paper forms part of a dissertation submitted to- 
wards the degree of Ph. D. at the University of Califor- 
nia at Santa Barbara. I wish to thank Dr. J. H. Connell 
for the collections of Mytilus edulis made at Cape Ann, 
Massachusetts, and for helpful advice and criticism. I 
am also indebted to Dr. D. E. Landenberger for sug- 
gestions and criticism. Finally, I wish to thank the Signal 
Oil and Gas Company for making their premises at Ell- 
woed available for ecological research. 


Literature Cited 


Binney, WILLIAM GREENE 
1863. Bibliography of North American conchology previous 
to the year 1860. Part I (American authors). Smithson. Inst., 
Washington. pp. i-iv + 1-650 (March 1863) 
Coz, WESLEY RoSwELL 
1945. Mytilus edulis diegensis, new subspecies. 
Club South. Calif. Minutes 48: 28 
1945. Nutrition and growth of the California Bay-Mussel 
(Mytilus edulis diegensis). Journ. Exp. Zool. 99: 1 - 14 
DeKay, J. E. 
1843. Zoology of New York. Part V: 4 - 27 
GouLD, AUGUSTUS ApDISON 
1850. Shells from the United States Exploring Expedition. 
Boston Soc. Nat. Hist. Proc. 3: 343 - 348 
1851. [Descriptions of a number of California shells, collected 
by Maj. William Rich and Lieut. Thomas P Green, United 
States Navy, ... ] Boston Soc. Nat. Hist., Proc. 4 (6): 


Conch. 


87 -93 (November 1851) 
Harcer, Joun Rosin E. 
1967. Population studies on Mytilus communities. Ph. D. 


dissertation, Univ. Calif. at Santa Barbara 
1968. The role of behavioral traits in influencing the distribu- 
tion of two species of sea mussel, Mytilus edulis and Mytilus 


californianus. The Veliger 11 (1): 45-49; 3 text figs. 
(1 July 1968) 
1970a. The effect of wave impact on some aspects of the bio- 


logy of sea mussels. The Veliger 12 (4): 401-414; 9 text 

figs. (1 April 1970) 
1970b. Comparisons among growth characteristics of two spe- 

cies of sea mussel, Mytilus edulis and Mytilus californianus. 


The Veliger 13 (1): 44-56; 11 text figs. (1 July 1970) 


Harcer, J. Rosin [continued] 
1970c. The effect of species composition on the survival of 
mixed populations of the sea mussels Mytilus californianus and 
Mytilus edulis. The Veliger 13 (2): 147-152; 5 text figs. 
(1 October 1970) 
Hepprr, B. T. 
1957. Notes on Mytilus galloprovincialis (Lamarck) in Great 
Britain. Journ. Marine Biol. Assoc. U. K. 36: 33-40 
Kırcuıne, J. A., J. E SLoane & E G. EBLING 
1959. The ecology of Lough Ine. VIII. Mussels and their 
predators. Joum. Anim. Ecol. 28: 331 - 341 
Lamy, EDOUARD 
1936. Revision des Mytilidae vivants du Muséum National 
d Histoire Naturelle de Paris. Journ. de Conchyl. 80: 
66 - 102 
Levins, RICHARD 
1968. Evolution in changing environments. Monographs in 
population biology. Princeton Univ. Press, 120 pp. 
Lewis, J. R. 
1953. The ecology of rocky shores around Anglesey. Proc. 
Zool. Soc. London 123: 481 - 549 
Lewis, J. R. & R. SEED 
1969. Morphological variations in Mytilus from south-west 
England in relation to the occurrence of M. galloprovincialis 
(Lamarck). Cahiers Biol. Marine 10: 231 - 253 
Li, Jerome C. R. 
1964. Statistical inference (I). 
Arbor, Mich., 658 pp. 
MIGHELS, JESSE WEDGWwooD 


Edwards Bros., Inc., Ann 


1844. Descriptions of new North American shells. Proc. 
Boston Soc. Nat. Hist. 1: 187 - 189 
SEEp, R. 


1968. Factors influencing shell shape in the mussel Mytilus 
edulis. Journ. Marine Biol. Assoc. U. K. 48: 561 - 584 


1969. The ecology of Mytilus edulis (Lamellibranchiata) on 
exposed rocky shores. II. Growth and mortality. Oecolo- 
gia (Berlin) 3: 317 - 350 
SHELFORD, Victor E., A. O. WEEsE, L. A. Rice, D. I. RASMUSSEN & 
A. MacLean 


1935. | Some marine biotic communities of the Pacific coast of 
North America. Part I. General survey of the communities -- 
their extent and dynamics. Ecol. Monogr. 5 (3): 249 - 332 

Soot-RvEen, TRON 

1955. A report on the family Mytilidae (Pelecypoda). Allan 
Hancock Pacific Expeditions, vol. 20, no. 1 (Univ. S. Calif. 
Press, Los Angeles), 175 pp., 10 plts., 78 text figs. 

(10 November 1955) 
STAIGER, HANSRUDOLF 

1957. | Genetical and morphological variation in P. lapillus 
with respect to local and regional differentiation of population 
groups. Coll. Intern. Biol. Mar. St., Roscoff; L’Année Biol. 
3: 33; fasc. 5-6: 252 - 258 

Srussines, H. G. 


1954. Biology of the common mussel in relation to fouling 
problems. Research, London 7: 222 - 229 


Page 282 


THE VELIGER 


CORRECTION 


On October 4, 1971, the author advised us that he dis- 
covered an error in his paper “The effect of species com- 
position on the survival of mixed populations of the sea 
mussels, Mytilus californianus and Mytilus edulis,” which 
appeared in The Veliger 13 (2): 147 - 152. The following 
corrections are to be made: 

p. 148, first column, line 16, should read 


large (8 - 10 cm), medium (5 - 6 cm), and small (3 - 4 cm) 
p. 148, second column, line 12 after Table 1, should read 


of large mussels (8-9 cm). As far as possible, the mass 
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